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SYSTEM AND METHOD FOR IMPROVED 
ACCURACY IN LOCATING AND 

MAINTAINING POSITIONS USING GPS 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

The invention relates generally to the ?eld of position 
determination and, more particularly, to the ?eld of position 
determination using GPS to precisely determine and main 
tain a position of a mobile platform such as a vehicle. 

Position determination using conventional GPS (Global 
Positioning System) is Well knoWn in the art. GPS involves 
a system of satellites orbiting the earth and continuously 
broadcasting GPS signals Which include both timing infor 
mation for determining When the GPS signal Was broadcast 
and data information as to the broadcasting satellites’ orbital 
position. Position determination is accomplished using a 
receiver arranged at the position to be determined, for 
example the receiver can be in a movable platform such as 
a land, sea or air vehicle. The receiver makes ranging 
measurements betWeen an antenna coupled to the receiver 
and each of at least four GPS satellites in vieW. These 
measurements are made from the timing information and the 
orbital position information from each satellite. Based on the 
four different GPS signals received, a fairly accurate posi 
tion determination can be made. 

In order to provide a more accurate position 
determination, other forms of GPS are Well knoWn, such as 
ordinary differential GPS, carrier phase differential GPS and 
dual frequency Wide-laning GPS for example. While having 
different degrees of accuracy, all of these systems require 
that signals be received from at least four GPS satellites. In 
general, the requirement for four GPS satellite signals does 
not pose much of a problem for both air and sea vehicles, 
Which operate in environments having an extremely limited 
number of obstructions. For land based vehicles, hoWever, 
especially those operating in urban environments, the avail 
ability of four GPS signals is quite often limited. This can be 
due to obstructions caused by buildings and the like. 

For a general discussion of the background and history of 
GPS position determination systems, reference can be made 
to US. Pat. No. 5,548,293 Which discloses a knoWn aircraft 
attitude determination method and system using four GPS 
antennas mounted on the aircraft in order to receive GPS 
signals of at least four GPS satellites, the speci?cation of 
US. Pat. No. 5,548,293 being incorporated herein by ref 
erence. 

Moreover, in particular When operating in an urban 
environment, the signals received by the vehicle are often 
subject to multipath errors. Multipath results from the 
numerous re?ections the GPS signals undergo due to the 
structures in the area through Which the vehicle is traveling. 
Multipath on a signal occurs When the receiver antenna 
picks up signals that have been re?ected off of a surface 
betWeen the emitter and receiver. GPS multipath can shift 
the computed position of the receiver signi?cantly. For 
vehicles, the primary source of multipath is buildings, 
overhead foliage, and other vehicles. Multipath is often 
detected due to differences betWeen GPS location and that 
computed using other sensors, hoWever, the GPS receiver 
itself is often unaWare of the multipath condition, thus the 
GPS positions are given undue Weight in position 
determination, resulting in erroneous track of the vehicle. 
The multipath errors or noise substantially degrades the 
accuracy of the position determination. 

There is therefore needed a position determining system 
and method Which provides improved accuracy While mini 
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2 
miZing the effects of multipath or other noise sources. These 
needs are met according to the present invention by provid 
ing a system and method using multiple GPS antennas and 
corresponding processors on a single vehicle in order to both 
maintain position information When feWer than four GPS 
satellites are visible and to reduce position errors by mini 
miZing multipath induced errors using information com 
bined from the multiple systems. While the present inven 
tion is described With respect to GPS signals, it should be 
readily understood that the system and method are appli 
cable With any stable signal structure, such as from a satellite 
or other type of transmitter arranged at a knoWn location. 

In an embodiment of the present invention, multiple 
antenna/processor pairs are provided on a single platform, 
such as a vehicle. Position information is obtained by 
determining a cone angle betWeen the various antenna/ 
processor pairs and a single GPS satellite at a knoWn orbital 
position. This cone angle is determined based on the differ 
ential path lengths betWeen the single GPS satellite and at 
least tWo antennas on the vehicle. By providing a suf?cient 
number of antenna baselines, along With a single GPS 
satellite, information on the attitude of the vehicle can be 
maintained over time given a knoWn starting attitude. This 
is because a land vehicle is constrained in its movement 
along a speci?c axis, either forWard or backWard. Given this 
knoWn constraint, the magnitude of the vehicle motion can 
therefore be determined from the Doppler shifts associated 
With a single satellite. The accuracy of this method is 
determined by the relative geometry of the antenna baselines 
and the satellite. 

Advantageously, the position information obtained by 
determining the cone angle betWeen the tWo antenna/ 
processor pairs is implemented using a common clock 
betWeen the processor receivers such that a single satellite is 
adequate. Of course, the inventive method is also applicable 
to receivers having independent clocks, in Which case at 
least tWo satellites are required. 

In another advantageous embodiment according to the 
present invention, the GPS signals or information received 
from the tWo antennas mounted on the vehicle can be 
combined to reduce noise effects, such as multipath. Corre 
lation techniques can reduce noise effects by averaging out 
noise sources that do not correlate across the tWo antenna/ 
receiver systems arranged on the vehicle. By minimiZing the 
noise effects, the overall accuracy of the system can be 
improved. 
By using multiple antennas on a single vehicle, it is also 

possible to assess the signal environment surrounding the 
vehicle. Based on the assessed signal environment, the 
present invention makes it possible to estimate the accuracy 
of the position determination. For example, multipath can 
introduce uncorrelated noise into the tWo receivers mounted 
on the vehicle. Alone, such noise cannot be detected by 
either receiver system. But, by comparing and correlating 
the tWo receivers, the system can determine the presence of 
a high multipath environment surrounding the vehicle. 
Accordingly, action can be taken to reduce the estimated 
position accuracy. 
When the GPS position determination system is used in 

conjunction With other knoWn position determining systems, 
it is possible to increase the position determination accuracy 
With the knoWledge of the multipath condition by enabling 
the position determining algorithm to decrease its reliance 
(or Weighting)on GPS information and rely more heavily on 
information from other position determining systems. 
Any number of techniques can be used in accordance With 

the present invention to detect a multipath environment 
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surrounding the vehicle. For example, multipath can be 
detected When correlating betWeen the multiple antenna/ 
receivers mounted on the vehicle by (a) comparing position, 
(b) correlating phase histories of a given GPS satellite, 
and/or (c) correlating drop-outs in received GPS satellite 
signals. 

The present invention alloWs for a more accurate and 
more robust position determining system for vehicles, espe 
cially those moving in a restricted environment due to 
obstructions of the reference transmitters, such as the GPS 
satellites. Increasing the accuracy and availability of posi 
tion information Will, of course, provide numerous advan 
tages in the ?eld of vehicle tracking and its application for 
other purposes. 

Other objects, advantages and novel features of the 
present invention Will become apparent from the folloWing 
detailed description of the invention When considered in 
conjunction With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 generally represents a system according to the 
present invention by Which position information is main 
tained When feWer than four GPS satellites are visible and in 
Which position errors can be minimiZed; 

FIG. 2 is a general block diagram of the heading processor 
in the system according to the present invention; 

FIG. 3 is a representation illustrating the process for Ad 
determining a cone angle betWeen tWo antenna/processor 
pairs and a GPS satellite at a knoWn position; and 

FIG. 4 is a graphical representation illustrating a corre 
lation of received GPS signals to determine the surrounding 
multipath environment. 

DETAILED DESCRIPTION OF THE DRAWINGS 

Referring to FIG. 1, a mobile platform, such as a motor 
vehicle 10 is shoWn equipped With the system according to 
the present invention for increasing the accuracy of position 
determination and maintaining the position information 
When less than four satellites are visible. While the mobile 
platform is shoWn as a vehicle 10, it is understood that it 
could be any type of mobile device or person desirous of 
knoWing and maintaining positional information. The sys 
tem includes at least tWo antennas 14, 16 coupled to a 
processing system 12. These antennas 14, 16 receive infor 
mation signals from at least one satellite 18, 20 such as 
knoWn GPS satellites presently orbiting the earth. The GPS 
satellites 18, 20 broadcast GPS signals 22 (1) and 22 (2) as 
Was discussed above. The antennas 14, 16 are arranged on 
the vehicle 10 so as to have a knoWn and de?ned spacing and 
orientation relative to one another and the vehicle longitu 
dinal aXis (arroW 17). 

Referring to FIG. 2, the schematic block diagram of the 
system illustrates the antennas 14, 16 coupled to respective 
GPS receivers 36, 38. Ideally, the GPS receivers 36, 38 are 
controlled by a common clock 40 such that the system can 
operate based on a single satellite signal 22 (1) or 22 If, 
hoWever, each GPS receiver 36, 38 includes its oWn inde 
pendent clock (not shoWn), then at least tWo satellite signals 
22 (1) and 22 (2) Will be required. The processed GPS 
signals provide phase information 30, 32 Which is provided 
to a heading processor 34. The heading processor 34 calcu 
lates the angle to the satellite. 

FIG. 3 illustrates the technique employed to determine the 
angle to the satellite based on the phase difference betWeen 
the GPS signals received by the respective antennas. As 
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4 
shoWn, satellite 18 broadcasts signal 22(1) Which is received 
by both antenna 1(14) and antenna 2(16). The antennas 14, 
16 have a de?ned spacing “1” betWeen them. Depending 
upopn the heading of the vehicle 10, the satellite signal 22(1) 
reaches the respective antennas phase offset With respect to 
one another. This offset is represented in FIG. 3 by the phase 
difference M). This phase difference M) is determined from 
the phase information output from the GPS receivers 36, 38 
to the heading processor 34. The processor 34 can then 
determine the angle of the vehicle to the satellite 18 in 
accordance With the equation: 

a 

sin(z1) : 7 

2n 
Where A50 : ax 

Where )L is Wavelength of satellite signal 22(1) and 

In accordance With the invention, given a knoWn begin 
ning heading (attitude) of the vehicle 10, the subsequent 
heading information of the vehicle can be accurately main 
tained based on a plurality of antenna baselines receiving the 
single satellite signal. Because the vehicle is constrained to 
move along a speci?c aXis 17, i.e., forWard and backWard, 
the magnitude of the vehicle motion is determined from the 
single satellite Doppler shifts. The relative geometry of the 
antenna baselines and the satellite determine the accuracy 
and effectiveness of this process for maintaining the heading 
information. 

In addition to accurately maintaining the vehicle heading 
over time to increase the accuracy of the position 
determination, the processor 34 of the present invention also 
operates to reduce position errors by combining information 
from the tWo systems 14, 36 and 16, 38. By combining the 
signals or information detected by the antennas 14, 16 and 
received by the GPS receivers 36, 38, noise effects can be 
reduced by averaging out noise sources that do not correlate 
across the tWo systems. Because the separate antenna/ 
receiver systems may be affected differently by noise 
sources due to the different spatial arrangement of the 
antennas relative to the vehicle and the possible noise 
source, the processor 34 can operate to average out those 
sources of noise not speci?cally correlating betWeen the tWo 
antenna/receiver systems. 
The multiple antenna/receiver system can also use corre 

lation to assess the external signal environment around the 
vehicle in order to make an estimation of the accuracy of the 
position determination. For eXample, multipath effects may 
introduce uncorrelated noise into the tWo receivers 36, 38, 
Which cannot be detected by either receiver system alone. 
But, When comparing the information from the tWo receivers 
36, 38 in the processor 34, it is possible to determine the 
presence and degree of multipath in the environment. 
Appropriate action can thus be taken With respect to the 
position determining output. 

FIG. 4 graphically illustrates the determination of the 
multipath environment. The graph illustrates the correlation 
betWeen signals received by the different receivers 36, 38 as 
a function of position versus time. As shoWn in part A of 
FIG. 4, the received signals 30, 32 have a high correlation, 
thus indicating a loW multipath environment. In such a 
situation, the position determining system can have a high 
con?dence in its position estimation. In part B of FIG. 4, the 
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received signals 30, 32 are shown having a loW correlation 
With respect to one another. This indicates a high multipath 
environment. As a result, the position determining system 
may reduce the estimated positional accuracy or modify the 
Weighting parameters used in the position determining equa 
tions to re?ect the high multipath environment. 
When the described GPS position determining system is 

used in conjunction With other types of position determining 
systems, such as those based on road side infrastructures or 
internal vehicle gyroscopes, the knowledge of the multipath 
environment can be used to reduce the reliance on the GPS 
information. For example, if a high multipath environment 
is determined, the position determining algorithm Would 
decrease the Weight given to the GPS information in order 
to rely more heavily on the other position determining 
systems. This results in more accurate position determina 
tions overall. 
When correlating betWeen multiple antennas to detect the 

multipath environment, any number of knoWn techniques 
can be used. For example, the correlation betWeen the 
multiple antennas can be comparisons of position, correla 
tion of phase histories of a given satellite, and/or correlation 
of drop-outs of received satellite signals. 

The use of multiple GPS systems to improve the accuracy 
and availability of position determinations is advantageous 
for mobile platforms, such as vehicles, moving in environ 
ments With potential obstructions betWeen the antennas and 
the reference transmitters, such as GPS satellites. These 
advantages are accomplished by alloWing the positional 
information to be accurately maintained over time based on 
less than four satellite signals (Which are required to obtain 
the initial position). The invention is especially useful for 
vehicles traveling in urban areas Wherein obstructions, such 
as skyscrapers and other buildings likely eXist. At the same 
time, the urban areas tend to have a large number of position 
determining system users due to the difficulties of navigating 
such urban areas and the concentration of business person 
nel. These heavily obstructed urban areas are also more 
likely to have multipath environments. Accordingly, the 
present invention is especially advantageous in such areas. 

The foregoing disclosure has been set forth merely to 
illustrate the invention and is not intended to be limiting. 
Since modi?cations of the disclosed embodiments incorpo 
rating the spirit and substance of the invention may occur to 
persons skilled in the art, the invention should be construed 
to include everything Within the scope of the appended 
claims and equivalents thereof. 
What is claimed is: 
1. A method of maintaining position information over 

time after initial position information is obtained on a 
mobile platform, the method comprising the acts of: 

receiving less than four position information signals from 
knoWn locations in the mobile platform; 
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calculating differential path lengths betWeen each of the 

received position information signals and at least tWo 
antenna/processor pairs to determine cone angles ther 
ebetWeen; and 

maintaining the position information of the mobile plat 
form based on the initial position information and the 
determined cone angles. 

2. The method according to claim 1, Wherein the act of 
calculating to determine the cone angles comprises the acts 
of: 

processing phase information from the position informa 
tion signals received by each antenna/processor pair to 
obtain a phase difference; and 

determining the cone angles based on the phase differ 
ence. 

3. The method according to claim 2, Wherein the act of 
determining the cone angles based on the phase difference 
calculates the cone angles in accordance With 

sin(z1) : W 

Wherein M) in the phase difference, A is the Wavelength of 
the information signal and l is a de?ned spacing betWeen the 
antenna pairs. 

4. A system for maintaining position information, based 
on an initial position of a mobile platform, the system 
comprising: 

at least tWo antennas mounted on the mobile platform; 

less than four position information signals from position 
transmitters arranged at knoWn locations; 

position processors coupled to said antennas, each of 
position information signals detected by said antennas 
being processed into phase information; and 

a heading processor coupled to receive said phase infor 
mation from said position processors to maintain the 
position information on the mobile platform over time 
based on the knoWn initial position. 

5. The system according to claim 4, Wherein the position 
information signals are GPS signals from GPS satellites and 
the position processors are GPS receivers. 

6. The system according to claim 5, further comprising a 
common clock arranged betWeen the GPS receivers, 
Whereby only a single GPS signal from a single GPS satellite 
is required. 

7. The system according to claim 5, further comprising 
independent clocks provided for each position processor, 
Wherein at least tWo GPS signals from at least tWo GPS 
satellites are required. 

* * * * * 


